Abstract-In order to predict the post-cracking tensile behavior of fiber reinforced concrete, it is necessary to evaluate the fiber orientation factor which indicates the number of fibers bridging a crack. For investigation of fiber orientation factor on a rectangular section, in this paper, dog-bone fiber reinforced concrete specimens were prepared with the variables of concrete compressive strength, rectangular cross-section size, fiber type, and fiber volumetric ratio. After direct tension tests, the fiber orientation factor could be evaluated through counting the number of fibers on a crack. From the test results, it was investigated that the fiber orientation factor was larger than 0.5 which is generally adopted for large members, as fibers distribution is affected by the specimen size. For rational prediction of the fiber orientation factor on a rectangular concrete section, a simple model was derived from the Diverse Embedment Model (DEM), which is a rigorous model to predict the tensile behavior of steel fiber reinforced concrete. From the comparison of the measured data and the predicted values, it was found that the actual fiber orientation factor was well predicted by the proposed model.
I. INTRODUCTION
For last a couple of decades, a number of researches [1] - [4] have been conducted to use steel fiber reinforced concrete as a structural member since steel fiber reinforced concrete exhibits ductile tensile behavior even after cracking. Meanwhile, several models [5] - [11] have been proposed in order to quantitatively represent the ductile tensile behavior of steel fiber reinforced concrete. From the models for the tensile behavior of steel fiber reinforced concrete, the tensile stress attained by steel fibers bridging a crack is generally evaluated by the followings;
where, f f is tensile stress attained by steel fibers, α f is fiber orientation factor, V f is fiber volumetric ratio, and σ f,avg is average tensile stress of fibers at a crack. As presented in the equation, the tensile stress of steel fiber reinforced concrete is directly affected by the fiber orientation factor. Generally, the fiber orientation factor is Manuscript received May 10, 2014; revised July 20, 2014. S. C. Lee is with KEPCO Nuclear Graduate School, Ulsan, South Korea (e-mail: sclee@kings.ac.kr).
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J. Y. Cho is with the Dept. of Civil and Environmental Engineering, Seoul National University, Seoul, South Korea (e-mail: jycho@snu.ac.kr). 0.5, which is theoretically derived for randomly distributed fibers in large concrete members. However, the fiber orientation factor can be significantly affected by the concrete member size; it reaches up to 1.0 when the concrete cross-section is the same with the cross-section of a fiber. Since experimental programs with steel fiber reinforced concrete are generally conducted with relatively small specimens in a laboratory, it is important to more rationally evaluate the fiber orientation factor with the consideration of concrete member size as well as fiber length.
In this paper, therefore, the fiber orientation factor in small concrete members will be experimentally evaluated, and a simple model will be derived for the fiber orientation factor considering concrete member size and fiber length.
II. TEST PROGRAM FOR FIBER ORIENTATION FACTOR

A. Test Variables, Material Properties, and Test Procedure
In order to investigate fiber orientation factor on rectangular concrete section, dog-bone fiber reinforced concrete specimens with rectangular cross-section of 70×100 mm or 50×50 mm were prepared as illustrated in Fig. 1 and 2 . Test variables were concrete compressive strength, fiber type, and concrete cross-section size. Notations for test variables are presented in Fig. 3 , and the concrete mixture design and fiber details are presented in Table I and Table II , respectively. All specimens had been subjected to uniaxial tension until they were entirely separated due to a crack, then the number of fibers on crack surfaces were counted. From the number of fibers (N f ), the fiber orientation factor can be evaluated from the cross-sectional area of fiber (A f ), fiber volumetric ratio (V f ), and cross-sectional area of concrete member (A c ), as following equation [12] , [13] .
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B. Test Results
The fiber orientation factors observed through the number of fibers on a crack (see Fig. 4 ) are presented in Fig. 5 and Table III . It is noted that each point in the graph represents the fiber orientation factor averaged through four specimens. As presented in the figure, the fiber orientation factor with F1 on the small section was high because fiber distribution is significantly affected by the boundary surfaces of the rectangular cross-section. (Compare NF1 and NF1-S5.) In the case of NF3 and HF3 specimens, it was investigated that the fiber orientation factor generally decreases as the fiber volumetric ratio increases, since fibers were not evenly distributed because of fiber bundle easily found with small fibers. 
III. SIMPLE MODEL FOR FIBER ORIENTATION FACTOR
A. Derivation of a Simple Model
In the Diverse Embedment Model (DEM) [9] , [10] , the fiber orientation factor on rectangular concrete cross-section is evaluated through double numerical integration, so it is quite complicating. In this paper, through regression procedure to remove the double numerical integration, a simple fiber orientation factor has been derived as followings. 
In Fig. 6 , the predictions of the simple fiber orientation factor model are compared with the results of the DEM. As presented in the figure, the both DEM and the proposed model predicts that the fiber orientation factor for infinite concrete cross-section is 0.5, and it increases up to 1.0. In addition, the fiber orientation factor increases more quickly when width or height of concrete cross-section is less than two times of the fiber length, since fiber orientation is significantly affected by more than one boundary surface together. As compared in the figure, it can be concluded that the simple fiber orientation factor model shows good agreement with the DEM.
B. Verification of the Simple Model
Fiber orientation factors for the test specimens have been evaluated with the proposed simple model, and compared with the test results as presented in Table IV and Fig. 7 . As presented in the figure, the actual fiber orientation factors measured through the test program are well predicted by the proposed simple model; average and standard deviation are 0.938 and 0.197, respectively, for the ratio of the test result to the prediction. 
IV. CONCLUSIONS
In this paper, fiber orientation factor on rectangular cross-section in concrete members were investigated through test program with dog-bone specimens. From the test results, it was investigated that fiber orientation factor was significantly affected by the concrete member cross-section size and the fiber length; fiber orientation factor increases as the cross-section size-to-fiber length ratio decreases. In order to predict fiber orientation factor considering the size effect, a simple model has been derived. The predictions of the proposed simple model showed good agreement with the test results as well as the predictions of the previous rigorous model. The results presented in this paper can be useful for researches on structural behavior of concrete members and structures with steel fibers.
